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FIG. 3
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FIG. 4
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FUEL INJECTION CONTROL SYSTEM FOR
INTERNAL COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on and incorporates herein by

reference Japanese Patent Application No. 2002-162424
filed on Jun. 4, 2002.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fuel injection control
system for an internal combustion engine. Specifically, the
present 1nvention relates to a method for cleaning exhaust
oas.

2. Description of Related Art

Improvement 1 exhaust emission of an internal combus-
tion engine, which 1s mounted on a vehicle and the like, 1s
required. Specifically, exhaust particulate matters such as
soot or a soluble organic fraction included 1n the exhaust gas
discharged from a compression-ignition type diesel engine
running on diesel o1l should be removed, as well as carbon
oxide, hydrocarbon and nitrogen oxide. Therefore, a par-
ticulate filter made of a porous material 1s disposed 1n an
exhaust passage of the diesel engine for collecting the
exhaust particulate matters included in the exhaust gas.

Since the particulate filter 1s made of a porous material,
flow resistance at the particulate filter may increase it an
excessive quantity of the particulate matters 1s collected. As
a result, back pressure of the engine may be increased, and
the engine output may be decreased. Therefore, ability of the
particulate filter to collect the exhaust particulate matters
should be recovered by regenerating the particulate filter.
The particulate filter 1s regenerated by eliminating the col-
lected exhaust particulate matters.

A particulate filter having an oxidation catalyst such as
platinum thereon can be regenerated during the operation of
the engine with the use of an oxidization effect of the
oxidization catalyst. For instance, a post-injection for inject-
ing fuel 1n an expansion stroke or an exhaustion stroke of the
engine 1s performed to provide the fuel to the particulate
filter. Thus, the fuel 1s oxidized by the oxidization catalyst,
generating reaction heat. Then, the particulate matters col-
lected by the particulate filter are combusted and eliminated
with the use of the heat. In the case in which the oxidization
catalyst 1s supported on the porous material of the particulate
filter, the particulate filter 1s heated up to a temperature
suitable for combusting the exhaust particulate matters,
which are more ditficult to combust than normal fuel such as
injection fuel.

Oxidization ability of the oxidization catalyst depends on
the temperature. Therefore, there 1s a possibility that the
oxidization ability of the catalyst may become insufficient
even 1f a theoretical quantity of the fuel corresponding to the
heating value required for eliminating the collected particu-
late matters 1s 1njected in the post-injection. As a result,
white smoke, or an unburned fraction of the fuel, may be
generated.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a fuel mjection control system for an internal combustion
engine, which 1s capable of preventing emission of white
smoke.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to an aspect of the present invention, a fuel
injection control system for an internal combustion engine,
which has a particulate filter disposed 1n an exhaust passage
for collecting exhaust particulate matters, performs a post-
injection to 1nject fuel 1n an expansion stroke or an exhaus-
fion stroke after a main injection. Thus, the particulate filter
1s heated with reaction heat generated in oxidization, which
1s performed by an oxidization catalyst. The oxidization
catalyst 1s disposed upstream of the particulate filter or is
supported on the particulate filter. Thus, the particulate
matters collected by the particulate filter are combusted and
climinated, and the particulate filter 1s regenerated. Thus,
ability of the particulate filter to collect the particulate
matters 1s recovered.

The fuel 1njection control system has injection quantity
setting means. The 1njection quantity setting means sets an
injection quantity for the post-injection so that the injection
quantity gradually increases toward a predetermined injec-
fion quantity corresponding to a heating value enabling
climination of the collected exhaust particulate matters, in
an early stage of the regeneration of the particulate filter.

In the early stage of the regeneration of the particulate
filter, that 1s, 1n a first post-injection and following post-
injections 1n the early stage, the temperature around the
oxidization catalyst 1s low, and the 1njection quantity 1s set
at a low value. Then, as the temperature around the oxidiza-
fion catalyst increases, the injection quantity 1s increased.
Thus, the 1njection quantity of the fuel suitable for oxidiza-
tion performance of the oxidization catalyst at the tempera-
ture 1s 1njected 1n the post-injection, even 1f the temperature
around the oxidization catalyst 1s not increased enough 1n
the early stage of the regeneration. As a result, generation of
white smoke 1s prevented when the regeneration of the
particulate filter 1s started.

BRIEF DESCRIPITION OF THE DRAWINGS

Features and advantages of an embodiment will be appre-
ciated, as well as methods of operation and the function of
the related parts, from a study of the following detailed
description, the appended claims, and the drawings, all of
which form a part of this application. In the drawings:

FIG. 1 1s a diagram showing an internal combustion
engine having a fuel injection control system according to an
embodiment of the present invention;

FIG. 2 1s a timing chart showing an injection ratio 1 a
cylinder of the engine having the fuel injection control
system according to the embodiment;

FIG. 3 1s a part of a flowchart showing control performed
by an electronic control unit (ECU) of the fuel injection
control system according to the embodiment;

FI1G. 4 1s another part of the flowchart showing the control
performed by the ECU of the fuel imjection control system
according to the embodiment;

FIG. § 1s yet another part of the flowchart showing the
control performed by the ECU of the fuel 1injection control
system according to the embodiment; and

FIG. 6 1s a timing chart showing a mode of fuel 1njection
in the engine having the fuel injection control system
according to the embodiment.

DETAILED DESCRIPTION OF THE REFERRED
EMBODIMENT

Referring to FIG. 1, a diesel engine having a fuel injection
control system according to an embodiment 1s 1llustrated.
The diesel engine has a four-cylinder type engine main body
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11 and an after treatment system 12. The engine main body
11 1s connected with an intake manifold 21, which i1s the
most downstream part of an intake passage 2, and with an
exhaust manifold 31, which 1s the most upstream part of an
exhaust passage 3. A particulate filter 32 1s connected with
the exhaust passage 3 i1n the downstream portion of a
gathering point of the exhaust manifold 31. The particulate
filter 32 1s a substantial part of the after treatment system 12.
The exhaust gas discharged from respective cylinders of the
engine passes through the particulate filter 32. The particu-
late filter 32 has a common structure. For instance, the
particulate filter 32 1s made of a porous material such as
ceramics, through which the exhaust gas can pass. An
oxidization catalyst such as platinum 1s supported on the
porous material.

Each cylinder 1s provided with an injector 4. The 1njector
4 1s controlled to open or to close by an electronic control
unit (ECU) 61, which controls respective parts of the diesel
engine. The injector 4 1njects a quantity of the fuel in
accordance with 1ts valve-opening period. The fuel 1s pro-
vided to the respective injectors 4 from a common rail 54,
which 1s common to the entire injectors 4. The fuel drawn
from a fuel tank 51 by a pump 53 is pressure-fed to the
common rail 54. A control valve 52 controls the pressure-
feeding quantity of the fuel from the pump 53 to the
common rail 54. The ECU 61 controls the control valve 52
so that the fuel pressure in the common rail 54 (common rail
pressure) becomes generally equal to a target pressure, based
on a detection signal of a pressure sensor 64, which mea-
sures the common rail pressure. The target pressure 1s
calculated based on an operating state of the engine.

The ECU 61 receives various signals indicating the oper-
ating state of the engine, from the pressure sensor 64 and the
like. A temperature sensor 62 1s disposed in the exhaust
passage 3 at a portion just upstream of the particulate filter
32 so that the temperature sensor 62 penetrates a wall of the
exhaust passage 3. The temperature sensor 62 measures DPF
inlet temperature, or temperature of the passing exhaust gas
at an inlet 32a of the particulate filter 32. The DPF inlet
temperature indicates a state of the temperature of the
particulate filter 32. When the DPF 1nlet temperature 1s high,
it 1s determined that the temperature of the entire particulate
filter 32 including the oxidization catalyst 1s increasing.
Thus, the temperature sensor 62 can substantially measure
the temperature of the oxidization catalyst of the particulate
filter 32. The temperature sensor 62 can be easily mounted
because there 1s no need to redesign the porous material of
the particulate filter 32 and the like to attach the temperature
sensor 62 thereto.

A first branch passage 33 and a second branch passage 34
are connected with the exhaust passage 3. The first branch
passage 33 branches from the exhaust passage 3 at a portion
just upstream of the particulate filter 32. The second branch
passage 34 branches from the exhaust passage 3 at a portion
just downstream of the particulate filter 32. A pressure
difference sensor 63 interposed between the first and second
branch passages 33, 34 measures a difference between a
pressure at a portion just upstream of the particulate filter 32
and a pressure at a portion just downstream of the particulate

filter 32.

The ECU 61 receives various parameters for indicating
the operating state of the engine, such as an accelerator
position ACCP and an engine rotation speed NE.

A warning light 65 1s disposed on an instrument panel 1n
a vehicle compartment. The ECU 61 turns on the warning
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light 65 when the regeneration of the particulate filter 32 1s
required or when an anomaly 1n the particulate filter 32 1s
detected, for instance.

FIG. 2 1s a timing chart showing a fuel 1njection ratio “R”
relative to a crank angle (CA). In order to bring a profile of
the fuel 1njection ratio R to an 1deal profile, a pre-injection
1s performed as shown by a projection “R1” 1n FIG. 2, before
performing a main 1njection generally at a top dead center
(TDC) in a compression stroke as shown by another pro-
jection “R2” 1 FIG. 2. In FIG. 2, a range “I” represents a
compression stroke and a range “II” 1s an expansion stroke,
and a range “III” 1s an exhaustion stroke. After the main
injection, an after injection 1s performed 1n the expansion
stroke as shown by a projection “R3” m FIG. 2, and a
post-1njection 1s performed in the expansion stroke or 1n an
exhaustion stroke as shown by projections “R4” 1n FIG. 2.
The after injection 1s performed to heat the particulate filter
32 to relatively high temperature by introducing high-
temperature exhaust gas into the particulate filter 32, before
the post-injection. The after injection 1s particularly effective
when the exhaust gas temperature 1s low 1n an 1dling state of
the engine, in which the engine rotation speed 1s low.

Next, fuel 1njection control performed by the ECU 61 will
be explained based on FIGS. 3, 4 and 5, centering on a
processing for regenerating the particulate filter 32.

If an 1gnition switch 1s switched on, mitialization 1s
performed 1n Step S100. In the 1nitialization, control param-
eters of the ECU 61 are set at initial values 1 order to
prepare for following control.

Then, 1n Step S101, an accelerator position ACCP and an
engine rotation speed NE as engine control parameters are
inputted. Then, 1n Step S102, a total injection quantity Qt 1s
calculated based on the mputted accelerator position ACCP
and the engine rotation speed NE. The total injection quan-
fity Qt 1s the sum of a pre-injection quantity Qpre and a main
injection quantity Qm. Then, 1n Step S103, the pre-injection
quantity Qpre and pre-injection timing Opre for the pre-
injection are calculated based on the total 1njection quantity
Qt and the engine rotation speed NE. Then, 1n Step S104, the
main 1njection quantity Qm and main 1njection timing Om
for the main imjection are calculated based on the total
injection quantity Qt and the engine rotation speed NE.

Then, in Step S105, a pressure difference Pdif between a
pressure 1n the upstream portion and the downstream portion
of the particulate filter 32 1s compared with a predetermined
value “A”, and 1t 1s determined whether the pressure differ-
ence Pdif 1s greater than the predetermined value A or not.
The predetermined value A 1s determined 1n accordance with
a permissible upper limit of the pressure difference Pdif. The
predetermined value A 1s set so that the pressure difference
Pdif exceeds the predetermined value A before the pressure
difference Pdif, or a back pressure of the engine, increases
too much. If the result of the determination 1n Step S105 1s
“YES”, 1t 1s determined that a quanfity of the exhaust
particulate matters depositing in the particulate filter 32 has
reached a level at which the regeneration of the particulate
filter 32 1s required. Then, the processing proceeds to Step
S106.

In Step S106, a regeneration processing waiting flag fw 1s
set to 1 (fw=1). When the flag fw is set at 1, requirement for
the regeneration of the particulate filter 32 1s indicated. The
flag tw 1s referred to 1n other routines or outputted to another
ECU of the vehicle. It the flag fw 1s set to 1, the warning
light 65 1s turned on. Then, 1n Step S107, the DPF 1nlet
temperature “ITemp 1n”, which 1s the temperature of the
exhaust gas at the inlet 32a of the particulate filter 32, 1s
compared with a predetermined temperature “Temp s,




US 6,959,541 B2

S

which 1s a threshold temperature. Thus, 1t 1s determined
whether the DPF inlet temperature “Temp 1n” 1s higher than
the predetermined temperature “Temp s~ or not. The prede-
termined temperature “Temp s” 1s set 1n accordance with a
lower limit temperature enabling the elimination of the
particulate matters collected by the particulate filter 32. If
the result of the determination 1 Step S107 1s “YES”, the
processing proceeds to Step S108. Then, steps from Step
S108 to Step S112 are performed for setting parameters
required 1n a post-injection processing. Then, the post-
injection processing 1s performed in Step S113. If the result
of the determination 1n Step S107 1s “NO”, it 1s determined
that the regeneration 1s 1mpossible, and the processing
proceeds to Step S114, skipping the steps from Step S108 to
Step S113.

In Step S108, a regeneration performing flag fj for per-
forming the regeneration is set to 1 (fj=1). Then, in Step
S109, a basic post-injection quantity Qpost and post-injec-
tfion timing Opost for the post-injection are calculated based
on the total mjection quantity Qt and the engine rotation
speed NE. Then in Step S110, a first post-injection quantity
“Qpost 117 1s calculated based on the DPF inlet temperature
“Temp 1n”. Then, 1n Step S111, a post-injection quantity unit
increase “dQpost gr”, or a unit increase of gradual increase
in the post-injection quantity, 1s calculated based on the DPF
inlet temperature “Temp 1n”. The first post-injection quantity
“Qpost 11”7 and the post-injection quantity unit increase
“dQpost gr” are set to smaller values respectively as the DPF
inlet temperature “Temp 1n” becomes lower. For instance,
the first post-injection quantity “Qpost fi” and the post-
injection quantity unit increase “dQpost gr”” are set based on
a map, which 1s stored in ROM of the ECU 61 1n advance
for relating the first post-injection quantity “Qpost 117 or the
post-injection quantity unit increase “dQpost gr” with the
DPF inlet temperature “Temp 1n” respectively.

Then, 1n Step S112, a post-injection quantity “Qpost 17,
which 1s the post-injection quantity used during the regen-
eration, is reset (“Qpost 17=0).

Thus, the parameters for specitying details of the regen-
eration processing are sct, and after that, the regeneration
processing 1s performed 1n Step S113.

If the result of the determination 1n Step S105 1s “NO”, 1t
1s determined that the particulate filter 32 1s being regener-
ated or the state of the particulate filter 32 has not yet
reached the level at which the regeneration i1s required. In
that case, the processing proceeds to Step S119, and 1t 1s
determined whether the regeneration performing flag fj 1s set
at 1 or not. If the result of the determination i Step S119 1s
“YES”, it 1s determined that the particulate filter 32 1s being
regenerated, and the processing proceeds to Step S120. It the
result of Step S119 1s “NO”, 1t 1s determined that the
regeneration 1s not performed and the quantity of the col-
lected particulate matters has not reached the level at which
the regeneration 1s required. Then, the processing proceeds
to Step S114, skipping the steps from Step S108 to Step
S113.

In Step S120, the pressure difference Pdif 1s compared
with a predetermined value “B”, and 1t 1s determined
whether the pressure difference Pdif 1s “equal to or less than”™
the predetermined value B or not. The predetermined value
B 1s set at a pressure at which the quantity of the particulate
matters depositing 1n the particulate filter 32 and the back
pressure of the engine can be determined to be decreased
sufliciently. If the result of the determination 1n Step S120 1s
“NO7”, the processing proceeds to Step S121. In Step S121,
it 1s determined whether a post-injection ending flag fp 1s set
at 1 (fp=1) or not. If the result of the determination in Step
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S121 1s “YES”, the processing proceeds to Step S114. If the
result of the determination 1 Step S121 15 “NO”, the
processing proceeds to Step S113. The post-injection ending
flag fp 1s set to 1 when the post-injection 1s not permitted,
that 1s, when the normal injection consisting of the pre-
injection and the main 1njection 1s resumed.

When the result of the determination in Step S120 1is
“NO7”, 1t 1s determined that the pressure difference Pdif is
orcater than the predetermined value B and the quantity of
the particulate matters depositing 1n the particulate filter 32
has not yet reached a level for ending the regeneration. In
such a case, the post-injection processing 1s continued in
Step S113 under a condition that the post-injection ending
flag fp is not set at 1 (Step S121). If the post-injection ending,
flag Ip 1s set at 1, the post-injection processing in Step S113
1s not performed. If the post-injection processing 1 Step
S113 1s not performed, a period Tpost and the timing Opost
for outputting an injection pulse for the post-injection are
not processed 1n following steps from Step S114 to Step
S118, and the actual post-injection 1s not performed.

In a subroutine shown in FIG. § of the post-injection
processing of Step S113, first, the present post-injection
quantity “Qpost1” 1s compared with the basic post-injection
quantity Qpost in Step S200. Meanwhile, 1t 1s determined
whether the post-injection quantity “Qpost 17 1s less than the
basic post-injection quantity Qpost or not 1n Step S200. If
the result of the determination 1n Step S200 1s “YES”, 1t 1s
determined whether the post-injection 1s a first one or not 1n
Step S201. Thus, 1t 1s determined whether the post-injection
processing of Step S113 1s performed for the first time or not
since the flag 1j 1s set to 1 1n Step S108.

If the result of the determination in Step S201 1s “YES”,

the post-injection quantity “Qpost 17 15 set to the {first
post-injection quantity “Qpost 11”7 1 Step S202.
If the result of the determination 1n Step S201 1s “NO”, the
post-injection quantity “Qpost 1”7 1s renewed by adding the
post-injection quanfity umit increase “dQpost gr” to the
previous post-injection quantity “Qpost 17 1 Step S203.

Thus, the post-injection quantity “Qpost 1”7 1ncreases
oradually and stepwise by the post-injection quantity unit
increase “dQpost gr” from the first post-injection quantity
“Qpost 1”7 unless the previous post-injection quantity
“Qpost 17 becomes equal to or greater than the basic post-
injection quantity Qpost.

If the previous post-injection quantity “Qpost 1”7 becomes
equal to or greater than the basic post-injection quantity
Qpost and the result of the determination in Step S200
becomes “NO”, the processing proceeds to Step S204 and
the post-injection quantity “Qpost 17 1s set to the basic
post-injection quantity Qpost. The basic post-injection quan-
ity Qpost 1s the final value of the post-injection quantity
“Qpost 17.

Then, 1n Step S205, it 1s determined whether an elapsed
pertod t from the time when the post-injection quantity
“Qpost 17 reaches the basic post-injection quantity Qpost 1s
“equal to or longer than” a predetermined period to or not.
More specifically, in Step S2035, it 1s determined whether the
predetermined period t0 has passed or not from the time
when the post-injection quantity “Qpost 17 reaches the basic
post-injection quantity Qpost. The elapsed period t may be
counted by a timer, or a frequency of the negative determi-
nation 1 Step S200 may be counted after the regeneration
performing flag 1y 1s set to 1. If the result of the determina-
tion 1n Step S205 1s “NO”, the processing proceeds to Step
S114. If the result of the determination in Step S205 is
“YES”, the post-injection ending flag fp 1s set to 1 (fp=1) in
Step S206, and then, the processing proceeds to Step S114.
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The post-injection quantity “Qpost 1”7 gradually increases
to the basic post-injection quantity Qpost. After that, the
post-injection quantity “Qpost 1”7 1s maintained at the basic
post-injection quantity Qpost for at most the predetermined
per1od to. If the pressure difference Pdif becomes equal to or
lower than the predetermined value B in Step S120 during
the predetermined period t0, the post-injection 1s stopped,
that 1s, the processing of Step S113 1s not performed.

If the result of the determination 1 Step S120 1s “YES”,
it 15 determined that the regeneration processing 1s ended,
and the regeneration waiting flag fw and the regeneration
performing flag {j are reset (fw=0, {j=0) 1n Step S122. Then,
the processing proceeds to Step S114. More specifically,
even after the regeneration processing 1 Step S113 1s
stopped, the regeneration waiting tlag fw and the regenera-
tion performing flag {j are not reset until the pressure
difference Pdif becomes equal to or less than the predeter-
mined value B 1n Step S120. Thus, 1t 1s not determined that
the regeneration 1s ended until the pressure difference Pdif
becomes equal to or less than the predetermined value B in
Step S120.

In steps from Step S114 to Step S118, 1njection pulses and
the like for the 1injector 4 are set based on the injection timing
Opre, Om, Opost-injection quantities Qpre, Qm, “Qpost 1”7
and the like. First, 1n Step S114, the injection quantities
Qpre, Qm, “Qpost1” are converted 1into output periods of the
injection pulses for driving the 1njector 4 based on the engine
rotation speed NE and an actual injection pressure Pr. Thus,
a pre-mjection output period Tpre 1s calculated from the
pre-1njection quantity Qpre. A main 1njection output period
Tm 1s calculated from the main injection quantity Qm. A
post-injection output pertod Tpost 1s calculated from the
post-injection quantity “Qpost 1”.

Then, 1n Step S1135, a target 1injection pressure Pt for the
injector 4 1s calculated based on the engine rotation speed
NE and the total injection quantity Q.

Then, 1n Step S116, a correction value for the opening
degree of the control valve 52 (pump control valve correc-
tion valve AD) is calculated based on a difference between
the target injection pressure Pt and the actual injection
pressure Pr. Then, in Step S117, a command value for the
opening degree of the control valve 52 (pump control valve
command value 2D) is calculated by adding the pump
control valve correction value AD to the previous pump
control valve command value 2D.

Then, 1 Step S118, the output periods Tpre, Tm, Tpost
and the injection timing Opre, Om, Opost are set at a register
of an output stage. The injector 4 opens for a predetermined
pertod based on the set parameters from predetermined
timing, and the fuel 1s 1njected 1n accordance with the valve
opening period.

Then, the processing returns to Step S101, and the steps
from Step S101 are repeated.

Next, an operating state of the diesel engine having the
fuel 1njection control system of the embodiment will be
explained based on FIG. 6. In the operating state shown 1n
FIG. 6, the regeneration of the particulate filter 32 1is
performed. A solid line in a part (¢) of FIG. 6 shows a
transition of the post-injection quantity “Qpost 17 in the case
of the fuel imjection control system of the embodiment. A
broken line in the part (c) of FIG. 6 shows a transition of a
post-lnjection quantity i1n the case of a conventional fuel
injection control system. In the conventional fuel 1njection
control system, a basic post-injection quantity Qpost calcu-
lated from the engine rotation speed NE and the total
injection quantity Qt 1s used as the post-injection quantity.
Actually, the fuel 1s mjected itermittently in accordance
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with the rotation of the engine. The regeneration of the
particulate filter 32 1s required when the exhaust particulate
matters deposit 1n the particulate filter 32 and the pressure
difference Pdif exceeds the predetermined value A. If the
regeneration of the particulate filter 32 1s required, the
regeneration processing waiting flag fw is set to 1 (fw=1).
Then, after the DPF 1nlet temperature “Temp 1in” exceeds the
temperature “Temp s”, the regeneration of the particulate
filter 32 1s started at timing ta as shown 1n FIG. 6.

The oxidization ability of the oxidization catalyst 1s not
suilicient at the time just after the start of the regeneration of
the particulate filter 32, because the DPF 1inlet temperature
“Temp 1n” has not increased enough as shown by a solid line
in a part (d) of FIG. 6. In the part (d) of FIG. 6, a broken line
shows a white smoke inhibition temperature Tws of the
embodiment and a chained line shows another white smoke
inhibition temperature Tws of the conventional system. The
white smoke inhibition temperature Tws 1s a lower limit
temperature for inhibiting the generation of the white
smoke. More specifically, the generation of the white smoke
1s inhibited when the DPF 1nlet temperature “Temp 1n” 1s
equal to or higher than the white smoke 1nhibition tempera-
ture Tws. The DPF inlet temperature “Temp 1n” at which the
generation of the white smoke 1s mnhibited depends on the
post-injection quantity and increases as the post-injection
quantity increases. It 1s because the more intensive oxidation
ability 1s required as the post-injection quantity increases. In
a mode of the post-injection in the conventional system, the
white smoke 1nhibition temperature Tws 1s 1ncreased step-
wise at the timing ta as shown 1n FIG. 6. However, the actual
temperature cannot be increased so quickly with reaction
heat generated 1n the oxidization at the catalyst of the
particulate filter 32. Therefore, the white smoke may be
generated 1n the conventional system as shown by a broken
line in a part (e) of FIG. 6. Since the DPF inlet temperature
“Temp 1n” increases gradually due to an effect of the
post-injection, the quantity of the white smoke (Qws)
decreases gradually as shown by the broke line in the part ()
of FIG. 6. Thus, the white smoke 1s discharged for a while,
until the DPF inlet temperature “Temp 1n” increases to
suitable temperature at timing tb as shown m FIG. 6.

On the other hand, in the embodiment, the post-injection
quantity “Qpost 17 1s set at the first post-injection quantity
“Qpost 117 at the time just after the start of the regeneration,
at which the DPF 1nlet temperature “Temp 1n” 1s low. The
first post-injection quantity “Qpsot 11" 1s less than the basic
post-1njection quantity Qpost. Then, the post-injection quan-
ity “Qpost 17 1s increased gradually from the {first post-
injection quantity “Qpost f1” 1n accordance with the 1ncrease
of the DPF inlet temperature “Temp 1n” as shown by the
solid line in the part (¢) of FIG. 6. Therefore, the white
smoke inhibition temperature Tws increases gradually just
after the start of the regeneration, and does not leave the
actual DPF 1nlet temperature “Temp 1n” largely, as shown by

the broken line in the part (d) of FIG. 6.

A map for relating the first post-injection quantity “Qpost
11” or the post-injection quantity unit increase “dQpost gr” to
the DPF inlet temperature “Temp 1n” 1s made 1n advance
through experimentation and the like. With the map, the
DPF 1nlet temperature “Temp 1n” 1s set as close as possible
to the white smoke 1nhibition temperature Tws 1n a range in
which the DPF 1nlet temperature “Temp 1n”” does not become
less than the white smoke inhibition temperature Tws, and
the post-injection quantity “Qpost 17 corresponding to the
DPF inlet temperature “Temp 1n” 1s provided.
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Thus, the generation of the white smoke 1n the early stage
of the regeneration of the particulate filter 32 1s suitably

prevented as shown by a solid line in the part (e) of FIG. 6.

If the predetermined period to passes from the timing tb
at which the post-injection quantity “Qpost 17 reaches the
basic post-injection quanftity Qpost, the post-injection 1s
stopped at timing tc as shown in FIG. 6. After that, the
temperature of the particulate filter 32 1s maintained with
combustion heat of the particulate matters depositing in the
particulate filter 32. Meanwhile, the quantity of the particu-
late matters depositing 1n the particulate filter 32 1s
decreased gradually with the use of the heat as shown by a
solid line in a part (b) of FIG. 6. Then, if the pressure

difference Pdif becomes equal to or lower than the prede-
termined value B as shown by a solid line in a part (a) of

FIG. 6, the regeneration of the particulate filter 32 1is
completed at timing td as shown in FIG. 6.

In the embodiment, the first post-injection quantity
“Qpost 1”7 and the post-injection quantity unit increase
“dQpost gr” are calculated based on the DPF inlet tempera-
ture “Temp 1n” at the time when the DPF inlet temperature
“Temp 1n” exceeds the predetermined temperature
“Temp s”. Thus, the post-injection quantity “Qpost 17 1s
increased stepwise. The post-injection quantity “Qpost 17
need not be increased stepwise by a constant value, if the
post-injection quantity “Qpost 1”7 1s increased gradually as
the frequency of the post-injection increases. For instance,
an optimum function determined through experimentation
and the like so that the post-injection quantity “Qpost 17
quickly reaches the basic post-injection quantity Qpost may
be applied. Alternatively, the post-injection quantity
“Qpost 17 may be calculated based on the DPF inlet tem-
perature “Temp 1" for each post-injection when each post-
injection 1s performed. In such a case, a map, in which the
post-injection quantity “Qpost 1”7 1s set greater as the DPF

inlet temperature “Temp 1n” 1ncreases, should be used.

The regeneration of the particulate filer 32 1s permitted
only when the DPF inlet temperature “Temp 1n” 1s higher
than the predetermined temperature “Temp s”. The prede-
termined temperature “Temp s” 1s set above the white smoke
inhibition temperature Tws at the time when the post-
injection quantity “Qpost 17, 1s the first post-injection quan-
ity “Qpost f1”. Meanwhile, the predetermined temperature
“Temp s” 1s set 1n accordance with the temperature at which
the oxidization catalyst 1s activated. Thus, the generation of
the white smoke 1s prevented more suitably.

The temperature of the oxidization catalyst 1s substan-
tially measured by measuring the DPF inlet temperature
“Temp 1n”. Alternatively, the temperature of the porous
material of the particulate filter 32 may be measured directly.

Whether the regenerauon of the particulate filter 32 1s
required or not 1s determined based on the pressure ditfer-
ence Pdif. Alternatively, any other means capable of deter-
mining whether the quantity of the particulate matters
reaches the level at which the regeneration of the particulate
filter 32 1s required or not may be applied.

In the embodiment, the oxidization catalyst 1s supported
on the particulate filter 32. Alternatively, the oxidization

catalyst may be disposed just upstream of the particulate
filter 32.

In the case in which the oxidization catalyst 1s disposed
upstream of the particulate filter 32, the temperature of the
oxidization catalyst may be estimated from the measured
temperature of the particulate filter 32, instead of measuring
the temperature of the oxidization catalyst.
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The present invention should not be limited to the dis-
closed embodiment, but may be implemented in many other
ways without departing from the spirit of the invention.

What 1s claimed 1s:
1. A fuel 1njection control system of an internal combus-
tion engine having a particulate filter disposed 1 an exhaust
passage for collecting particulate matters included in
exhaust gas, wherein the engine performs a post-injection in
an expansion stroke or an exhaust stroke after a main
injection and heats the particulate filter with reaction heat
generated when fuel injected in the post-injection 1s com-
busted by an oxidization catalyst in order to eliminate the
collected exhaust particulate matters by combustion and to
regenerate ability of the particulate filter to collect the
exhaust particulate matters, the system comprising:
temperature measuring means for measuring temperature
of the exhaust gas at the inlet portion of the particulate
filter, the temperature measuring means being disposed
upstream of the oxidization catalyst and the particulate
filter; and
injection quantity setting means for setting a post-injec-
tion quantity for the post-injection so that the post-
Injection quanfity increases 1n accordance with an
increase 1n the temperature of the exhaust gas measured
by the temperature measuring means 1n an early stage
of the regeneration of the particulate filter;
wherein the injection quantity setting means sets the
post-injection quantity for a first post-injection to be
smaller than a predetermined injection quantity corre-
sponding to a heating value at which the collected
exhaust particulate matters can be eliminated when the
measured temperature 1s lower than a white smoke
inhibition temperature.
2. The fuel injection control system as 1n claim 1, wherein
the 1njection quantity setting means sets the post-injection
quantity so that a gradual increase in the post-injection
quantity 1s set to a smaller value as the measured tempera-
ture becomes lower.
3. The tuel mjection control system as 1n claim 1, further
comprising;
determining means for determining whether the system
performs the regeneration of the particulate filter or not,

wherein the determining means determines to perform the
regeneration of the particulate filter under conditions
including a condition that the measured temperature 1s
higher than a predetermining threshold value.

4. The fuel 1njection control system as 1n claim 1, wherein
the 1njection quantity setting means sets the post-injection
quantity for the post- -injection so that the post- injection
quantity gradual]y increases toward a predetermined 1njec-
fion quantity 1n the early stage of the regeneration of the
particulate filter, the predetermined imjection quantity cor-
responding to a heating value at which the collected exhaust
particulate matters can be eliminated.

5. The tuel 1njection control system as 1n claim 1, wherein
the oxidization catalyst 1s supported on the particulate filter.

6. A method of controlling fuel injection 1n an internal
combustion engine having a particulate filter disposed 1n an
exhaust passage for collecting particulate matters included
in exhaust gas, the method comprising:

performing a post-injection 1n an expansion stroke or an

exhaust stroke of the engine after a main 1njection and
heating the particulate filter with reaction heat gener-
ated when fuel injected 1n the post-injection 1s com-
busted by an oxidization catalyst in order to eliminate
the collected exhaust particulate matters by combustion
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and to regenerate ability of the particulate {filter to
collect the exhaust particulate matters;

measuring a temperature of the exhaust gas at an inlet

portion of the particulate filter with a temperature
measuring device disposed upstream of the oxidization
catalyst and the particulate filter; and

setting a post-injection quantity for the post-injection so

that the post-injection quantity 1increases 1n accordance
with an increase 1n the measured temperature of the
cxhaust gas;

wherein the post-injection quantity 1s set for a first post-

injection to be smaller than a predetermined injection
quantity corresponding to a heating value at which the
collected exhaust particulate matters can be eliminated
when the measured temperature 1s lower than a white
smoke 1nhibition temperature.

7. The method as 1n claim 6, wherein the post-injection
quantity 1s set so that a gradual increase in the post-injection
quantity 1s set to a smaller value as the measured tempera-
ture becomes lower.

8. The method as 1n claim 6, further comprising:

determining whether the regeneration of the particulate

filter 1s performed or not, and

performing the regeneration of the particulate filter under

conditions including a condition that the measured
temperature 1s higher than a predetermined threshold
value.

9. The method as 1n claim 6, wherein the post-injection
quantity for the post-injection 1s set so that the post-injection
quantity gradually increases toward a predetermined injec-
fion quantity in the early stage of the regeneration of the
particulate filter, the predetermined injection quantity cor-
responding to a heating value at which the collected exhaust
particulate matters can be eliminated.

10. The method as 1n claim 6, wherein the oxidization
catalyst 1s supported on the particulate filter.

11. A fuel 1njection control system of an internal com-
bustion engine having a particulate filter disposed 1n an
exhaust passage for collecting particulate matters included
in exhaust gas, wherein the engine performs a post-injection
In an expansion stroke or an exhaust stroke after a main
injection and heats the particulate filter with reaction heat
generated when fuel 1njected 1n the post-injection 1s com-
busted by an oxidization catalyst 1n order to eliminate the
collected exhaust particulate matters by combustion and to
regenerate ability of the particulate filter to collect the
exhaust particulate matters, the system comprising:

temperature measuring means for measuring temperature

of the exhaust gas at the inlet portion of the particulate
filter, the temperature measuring means being disposed
upstream of the oxidization catalyst and the particulate
filter; and

injection quantity setting means for setting a post-injec-

fion quantity for the post-injection so that the post-
Injection quantity increases 1n accordance with an
increase 1n the temperature of the exhaust gas measured
by the temperature measuring means 1n an early stage
of the regeneration of the particulate filter;

wherein the injection quanfity setting means sets the

post-injection quantity so that a gradual increase 1n the
post-injection quantity 1s set to a smaller value as the
measured temperature becomes lower.
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12. The fuel inmjection control system as in claim 11,
further comprising:

determining means for determining whether the system
performs the regeneration of the particulate filter or not,

wherein the determining means determines to perform the
regeneration of the particulate filter under conditions
including a condition that the measured temperature 1s
higher than a predetermined threshold value.

13. The fuel injection control system as in claim 11,
wherelin the injection quantity setting means sets the post-
injection quantity for the post-injection so that the post-
injection quantity gradually increases toward a predeter-
mined 1njection quantity 1n the early stage of the
regeneration of the particulate filter, the predetermined
injection quantity corresponding to a heating value at which
the collected exhaust particulate matters can be eliminated.

14. The fuel i1njection control system as in claim 11,
whereln the oxidization catalyst 1s supported on the particu-
late filter.

15. A method of controlling fuel injection 1 an internal
combustion engine having a particulate filter disposed 1n an
exhaust passage for collecting particulate matters included
in exhaust gas, the method comprising:

performing a post-injection 1n an expansion stroke or an
exhaust stroke of the engine after a main 1njection and
heating the particulate filter with reaction heat gener-
ated when fuel injected 1n the post-injection 1s com-
busted by an oxadization catalyst in order to eliminate
the collected exhaust particulate matters by combustion
and to regenerate ability of the particulate filter to
collect the exhaust particulate matters;

measuring a temperature of the exhaust gas at an inlet
portion of the particulate filter with a temperature
measuring device disposed upstream of the oxidization
catalyst and the particulate filter; and

setting a post-injection quantity for the post-injection so
that the post-injection quantity 1increases in accordance

with an increase 1n the measured temperature of the
exhaust gas;

wherein the post-injection quantity 1s set so that a gradual
increase 1n the post-injection quantity 1s set to a smaller
value as the measured temperature becomes lower.

16. The method as 1n claim 15, further comprising:

determining whether the regeneration of the particulate
filter 1s performed or not, and

performing the regeneration of the particulate filter under
conditions including a condition that the measured
temperature 1s higher than a predetermined threshold
value.

17. The method as 1n claim 15, wherein the post-injection
quantity for the post-injection 1s set so that the post-injection
quantity gradually increases toward a predetermined injec-
fion quantity in the early stage of the regeneration of the
particulate filter, the predetermined inmjection quantity cor-
responding to a heating value at which the collected exhaust
particulate matters can be eliminated.

18. The method as 1n claim 15, wherein the oxidization
catalyst 1s supported on the particulate {ilter.
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